The synthesis is reported for a main chain polymer in which the repeat units are 2,3,6,7,10,11-hexaphenyltriphenylene moieties linked through flexible dodecyl chains. In compositions with a series of 2,3,6,7,10,11-hexakis(alkoxy)triphenylenes (HATn) this new polymer forms stable hexagonal columnar liquid crystal phases.
Introduction
Although the only commercially important application of discotic liquid crystals is in the manufacture of optical compensating films (polymerised films added to liquid crystal displays which increase the angle of view) there has also been a lot of interest in their potential as self-organising/self-healing semiconductors. 1, 2 In this respect complementary polytopic interaction (CPI) discotics [3] [4] [5] [6] [7] [8] are particularly attractive;
firstly because CPI systems have such wide mesophase ranges, and secondly because they show enhanced charge-carrier mobilities. 6 The classic example of a CPI discotic room temperature up to 158˚C and where it shows a hole mobility which is an order of magnitude higher than that of HAT6 on its own. In a thermodynamic sense this 1:1 mixture of HAT6 and PTP9 involves 'compound' formation. That is to say the 1:1 mixture represents a maximum in the temperature/composition phase diagram, it melts directly from the columnar into the isotropic phase without passing through a two-phase region and an exact equimolecular ratio of the two components is required. 3, 4, 7, 8 If either the HAT6 or the PTP9 is present in excess it separates out. Typical examples of phase diagrams for triphenylene/hexaphenyltriphenylene CPI systems are shown in references 3,4,7 and 8. Note that these triphenylene/hexaphenyltriphenylene CPI systems are quite different to charge transfer systems such as that formed between 2,3,6,7,10,11-hexakis(pentyloxy)triphenylene (HAT5) and 2,4,7-trinitrofluorenone. 9 In the case of the HAT5/trinitrofluorenone charge transfer system various ratios of the two components can be employed, the phase diagram shows a two phase region between the columnar and isotropic phases and a charge transfer band appears when the two are mixed: they change colour. For the HAT6/PTP9 CPI 'compound' there is no charge transfer band: the ultraviolet spectrum of the mixture is the sum of those of the two components.
Our understanding as to why, despite the fact there is no charge transfer interaction, some triphenylene/hexaphenyltriphenylene mixtures form these stable columnar phases in which the component molecules alternate within the columns ( Fig. 1) , is based on extended electron distribution (XED) force field calculations 10, 11 and it is because XED calculations employ dispersed, atom-centred van der Waals, quadrupolar and other coulombic terms that the term 'Complementary Polytopic
Interaction' was coined. 3 XED calculations show that the good fit between the triphenylene and hexaphenyltriphenylene nuclei and the poor fit of the hexaphenyltriphenylene nuclei with each other are both significant factors. 12 As shown in Fig. 1 , the triphenylene fits almost perfectly within the 'bowl'-like hollow in the PTP molecule which results from the way that the peripheral phenyls of the hexaphenyltriphenylene are canted relative to the central triphenylene nucleus. In agreement with this explanation, factors which disrupt the way these molecules fit together such as α-substitution of the HAT nucleus 12, 13 or planarization of the PTP nucleus 14 are found to destroy the mesophase. The poor fit of hexaphenyltriphenylene with itself is also important 10 and, in this respect, its behaviour is analogous to that of other poor self-stacking systems such as the tryptycene systems 15, 16 or the spiro-fused indane polymers. 17, 18 Poor molecular stacking, which is sometimes associated with high free volumes, generally leads to low lattice energies, high solubility and often 
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Results and Discussion
Synthesis
The synthesis of the PTP-polymer is shown in Scheme 1. 1-Bromo-3-methoxybenzene 1 was converted to the corresponding boronic acid 2 by reacting the Grignard reagent with triisopropyl borate. On the relatively large scale required, it was found that use of the Grignard reagent was easier than using the organolithium compound although the organolithium also worked well on a small scale.
Esterification of the boronic acid with pinacol, 24 followed by a Suzuki coupling 25 with 1,2-dibromobenzene gave the terphenyl 4. 26 Treatment of this with ferric chloride in dry dichloromethane followed by an anhydrous methanolic workup 27 yielded 2,7-dimethoxytriphenylene 5. Whist the bromination of the four available β-positions of the triphenylene ring of 2,7-hexyloxytriphenylene proceeds cleanly and in good yield under mild conditions, (Br2, CH2Cl2, room temperature, 2 h), 28 this was not the case for the dimethoxy derivative 5: partly because it is considerably less soluble in common solvents. The successful conditions for this reaction involved using refluxing tetrachloroethane as the solvent and a mixture of iron and iodine to catalyse the reaction yielding the tetrabromide 6. A Suzuki coupling of 6 with the pinacol ester of 4-(n-nonyl)benzeneboronic acid 29 gave the tertaphenyltriphenylene 7 which was selectively demethylated with boron tribromide 30 and converted to the corresponding triflate 9 using triflic anhydride. 31 A further Suzuki coupling with the pinacol ester of 4-methoxy-bromobenzene 24 with the Colh phase of low molar mass discogens. It is quite unlike the sandy texture, made up of many tiny domains, which are usually observed for Colh phases of discotic liquid crystal polymers. 23 As with CPI-based polymers previously studied it seems that unusually large and ordered domains are formed. Intensity/a.u.
Scattering angle/2θ Table 1 and the data is presented in graphical form in Fig. 6 .
Just as the melting point of the polymer (44. The XRD data for the mixtures of the PTP-polymer with HATn is summarised in Table 2 . The way the cell dimensions vary with the chain length is broadly in line with data for similar low molar mass systems as is the way the unit cell dimensions increase on raising the temperature. This is associated with an increase of the mobility of the aliphatic chains and a decrease in the density. As well as the expected Colh phase, the mixtures with HAT10, HAT12 and HAT16 all show a Colr (columnar rectangular) liquid crystalline phases at lower temperatures. Although it has not been investigated fully it is known that, as well as the Colh phase, a 'more ordered phase' is formed at lower temperatures by mixtures of PTP9 with HAT8, HAT11, HAT14 and HAT16. 36 This 'more ordered phase' had (tentatively) been identified as 'crystalline'
but, in view of the present findings, it seems probable that this was also a Colr phase. 
Conclusions
Previous work had shown that formation of CPI columnar phases is possible using a wide range of different HATn and PTP components 3, [12] [13] [14] 19, 20 and that the HATn component could be a main-chain or a side-chain liquid crystal polymer. 5 In this paper we show that the PTP component can also be a main-chain polymer but only if the HATn component is low molar mass: not if it is polymeric. The columnar LC phases formed are all stable down to room temperature and they do not crystallise.
Since they also have higher clearing temperatures than the HATn components on their own they are stable over much wider temperature ranges. Higher ordered columnar rectangular phases are detected for mixtures of long chain HATn molecules with the polmer (n =10-16) and these are potentially particularly interesting since they should show particularly high hole mobilities. 6 The spontaneous formation of large domains in these mixture is quite unlike the behaviour of typical main-chain discotic LC polymers. Hence, using CPI PTP-polymer mixtures provides a route to highly ordered columnar phases which spontaneously form large aligned domains. Like other HATn/PTP CPI mixtures, these are potentially interesting as self-organising/selfhealing semiconductors.
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Experimental Section
General Methods
Unless otherwise stated, all reagents and solvents were obtained from commercial suppliers and used without further purification. Anhydrous solvents were used as supplied (water content < 0.05%). Flame dried refers to glassware that was flame dried under vacuum (≈0.05 mbar) for ca. 10 min and subsequently purged with argon using double manifold apparatus. 1 
X-ray diffraction experiments
X-ray diffraction experiments were performed at room temperature and for compounds exhibiting mesomorphism, at a range of temperatures increasing towards the transition temperature from the liquid crystalline to isotropic phase. Diffraction patterns were collected, using a MAR345 X-ray research detector and Seifert X-ray 
HATn Mesogens
These were prepared as previously described and showed mp and DSC data in agreement with values previously reported.
Preparation of Mixtures between the polymer 12 and the various HATn components
The components (0.03-0.05 g weighed to ±0.001 g) were dissolved in DCM or CHCl3. When required, gentle warming and ultrasonication were used to aid dissolution. The solvent was removed using a rotary evaporator, and the thin film obtained was dried under high vacuum for several days. The dry powdered product was stored under vacuum.
